This study estimates unit for the nonpoint source(NPS), classified according to the existing Level-1(large scale) land cover map, by monitoring the measurement results from each Level-2(medium scale) land cover map, and verifies the applicability by comparison with previously calculated units using the Level-1 land cover map. The NPS pollutant loading for a basin is evaluated by applying the NPS pollutant unit to Dongcheon basin using the Level-2 land cover map. In addition, the BASINS/HSPF(Better Assessment Science Integrating point & Non-point Sources/ Hydrological Simulation Program-Fortran) model is used to evaluate the reliability of the NPS pollutant loading computation by comparing the loading during precipitation in the Dongcheon basin. The NPS pollutant unit for the Level-2 land cover map is computed based on precipitation measured by the Sangju observatory in the Nakdong River basin.
Introduction 1)
The unit for NPS can be divided into urban, suburban, agriculture, and water areas, where in urban areas are then subdivided into residential, commercial, industrial, and transfer areas, suburban areas are subdivided into rice paddy, farm field, and orchard areas, and agriculture areas are subdivided into forest and grassland. The NPS classification system also uses different precipitation discharge characteristics based on the type of land cover of a basin or region. Thus, reducing the discharge of nonpoint pollutants is now recognized as an important matter for Pollution Total Amount Management, yet establishing a management plan remains difficult due to the limited availability of basic domestic data, which can only be acquired by monitoring. As nonpoint pollutants are discharged during precipitation, this produces significant differences in the daily and seasonal discharge amounts. Furthermore, nonpoint pollutants are largely affected by the climate, topography, land cover, soil type, areal characteristics, and even the basin shape. Therefore, accurate water quality and flow data during precipitation is necessary to quantify the NPS discharge amount.
Various domestic and international studies have already investigated the effects of nonpoint source pollutants. Lee et al. (2008) suggested that the precipitation-specific discharge characteristics in suburban areas needed studies on the basin, precipitation, and flow characteristics rather than an initial cleanse phenomenon approach. The soil column was used to examine the basic unit discharge of the NPS. Kim et al. (2002) also studied the precipitation-specific NPS discharge characteristics of Gyeongancheon, where typical land use was used to compute the basin specific discharge basic unit via water quality investigations in the case of precipitation / non-precipitation. Including the study by Shin et al. (2001) , there have also been many studies on the NPS pollution load and basic unit. Jewell et al. (1981 Jewell et al. ( , 1982 stated that while many studies use a model to predict the precipitation discharge and water quality, invalid models and errors in the measured data cause serious unreliability.
Accordingly, the present study collected existing field monitoring and field survey data for nonpoint pollutants and computed the unit using the Level-2 land cover map. The unit was then compared with unit in existing research references to establish its reliability. In addition, the basin-based nonpoint pollutant load was computed by applying the unit using Level-2 land cover map. The basin model was developed using field survey data for the lower stream, and the precipitation data was input to compute the nonpoint pollutant-specific load. HSPF developed by the U.S. EPA was applied to the actual objected basin and the simulation results compared with the field survey data to compute the load. The HSPF model used in this study was composed of a basin model and water quality model, which allowed a combined simulation of the precipitation-caused nonpoint pollutant discharge process and the interaction of the hydrograph, settlement, and chemical components in the stream. The simulated load was then compared with the field survey-based load to assess the applicability of the model to the computation of the basin NPS load.
Materials and methods
The subdivided land cover according to the Level-2 land cover map (i.e. Level-2 land cover classification:
orchards, subdivided land cover: vineries, pear orchards, apple orchards, etc.) was determined and precipitationspecific monitoring conducted in each area. To monitor the precipitation and amount of discharge, a rain-intensity gauge and flowmeter were installed at the survey points. The monitoring continued from the start of precipitation to the end of discharge. The rain-intensity gauge used for the field surveys was an 
Where, ci is the concentration, qi is the discharge, and A is the basin area.
In the case of Japan, the annual basic unit for NPS is computed using the annual precipitation or discharge from several precipitation-discharge-pollutant survey data rather, than long-term time series data, and its equation is as shown below:
Where, ci is the concentration, qi is the discharge, ti is the sample-related time interval [(previous sample collection point -current sample collection point)/2 + (current sample collection point -next sample collection point/2)], k is the conversion factor, and is the annual unit conversion factor. Since this method cannot perform actual consecutive surveys during one year, the computed value for the sample collection period is converted into the annual value using the number of precipitations, precipitationaggravated concentration, or run-off aggravated concentration as the conversion method. This study employed the actual survey basic unit computation method, and the basic unit for NPS computation for the map was based on the 'precipitation outflow survey method'. For the basic unit computation, the typical precipitation ratio was applied. This study selected a particular basin, instead of the entire Korean peninsula, in order to the compute NPS load in basin. Precipitation data for 2001~2010 from the Sangju observatory located in the Dongcheon basin was used to compute the typical precipitation ratio.
HSPF model
To analyze the water quality and basin, the BASINS analysis system includes the National Environmental Database, Assessment tools, Utilities, Watershed
Characterization Reports, Water Quality Stream Models, Watershed Models, and Post processors.
Based on GIS(Geographic Information System), BASINS was also linked to a water quality model, QUAL2E, and basin models, SWAT, and HSPF.
First, a stream map was created using a numerical altitude model and the basin was then extracted using the DEM(Digital Elevation Model) and stream map.
Finally, the basin characteristics were established by overlapping a land-use map and soil map using GIS.
HSPF is a semi-distributional long-term effusion Time series data, such as the precipitation, temperature, solar radiation, wind speed, evaporation loss, cloud cover, and dew point, is used as the input data. Such data is stored in another module, WDM Utility, in order to process the simulation using GIS data from BASINS. The hydrological budget equation for the basin simulation is as shown below:
Where P is the precipitation, SWI is the surface water inflow, SWO is the surface water outflow, GWI is the ground water inflow, GWO is the ground water outflow, ET is the evaporation rate, and S is the change in the storage amount. The hydrological budget equation for the water body is represented by Equation (2), and the water quality equations can be presented as Equations (3) and (4).
Where VOL is the final flow, VOLS is the initial flow, IVOL is the water income, PRSUPY is the precipitation, VOLEV is the evaporation loss, and ROVOL is the effusion. Observatory in the Dongcheon basin. Based on this data, the precipitation ratio is shown in Table 6 .
The basic unit for NPS using the Level-2 land cover map is shown in Table 7 . The basic unit for NPS from previous studies showed large gaps between the minimum and maximum, and included large errors due to user misjudgment. Plus, the previously calculated basic units for NPS were computed using 5~6
Level-1 land cover map. As a result, it was difficult to apply such previous results to the current subdivided land cover map. Notwithstanding, the basic unit for NPS used in this study was included within the value range from previous studies yet lower than the Level-1 value. Furthermore, the basic unit for NPS used for previous land load computations only utilized precipitation periods with discharge, whereas this study also included precipitation periods without
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Lvele-1 Class. Table 8 . NPS origin load in Dongcheon basin (Unit: kg/day) discharge in the basic unit for NPS computation, where the NPS EMCs for the precipitation periods without discharge were assumed to be '0'. Thus, due to this difference, the basic unit for NPS had a lower value than the previously reported Level-1 value.
Sites

Dongcheon basin NPS load
Origin load computation
The previously computed basic unit for NPS was applied to each land cover map in the Dongcheon basin to compute the NPS origin load. The results are shown in Table 6 . For the Level-1 land cover map, the BOD load in the basin was 391.4 kg/day, which was higher than the BOD loads for the Level-2 land cover map, which were 23.65 kg/day, 2.70 kg/day, Table 10 . Delivery ratio of pollutant sources in Dongcheon basin the load. The T-N and T-P load also changed when subdividing the land cover map classification. Thus, since the Level-2 land cover map produced differences in the precipitation discharge characteristics, it was necessary to apply the basic unit for NPS using Level-2 land cover map for the basin load computation in order to represent the characteristics of the relevant land coverage. 
Discharge load computation
Delivery ratio computation
The delivery ratio was estimated using the measurement and origin load computed by the basic unit for NPS using Level-2 land cover map for the Dongcheon basin.
To compute the delivery ratio, flow and water quality tests were conducted in the lower Dongcheon Table 11 . NPS delivery load in Dongcheon basin (Unit: kg/day) Table 12 . Calibration of HSPF/Basin parameters wind speed, daily dew point, hourly evapotranspiration, hourly average cloud cover, and hourly sunshine.
BASINS/HSPF application
However, most data from the Meteorological Administration was daily data with very little hourly data. Thus, the highest and lowest temperatures, average wind speed, and average cloud cover were input to the WDMUtill and hourly data calculated using an internal calculation function. The Sangju Observatory was selected for the meteorological data.
Model application results
The calibration and validation of the model parameters showed an analogous trend. The T-N also showed a similar trend, except for the initial period, and its error was small. Meanwhile, the T-P oscillated during the initial 4 hours and produced a larger error when compared to the other sections, yet it also followed the same trend. In particular, Case 3 showed a difference with the field survey values in the latter stage, yet its trend and margin of error were authentically accurate.
Plus, including the simulation period, the effusion amount was significantly larger than that for the other cases due to a high precipitation before and after the simulation. As a result, the BOD, T-N, and T-P loads were all high.
Validation assessment of simulation results
To assess suitability of the simulation results, a scatter diagram analysis of the measurement and simulation results was processed, as shown in Figure   5 and Table 13 . To interpret the calibration/validation of the simulation results, the Nash-Sutcliffe coefficient was applied to understand the degree of prediction of the model. The Nash-Sutcliffe coefficient exists between -∞ and 1. Normally, the Nash-Sutcliffe coefficient is used to quantitatively explain the accuracy of a model as long as there is a comparable measurement. If the coefficient is higher than 0.75, the simulation is considered accurate, whereas if the coefficient is between 0.75 and 0.36, the simulation needs to be complemented. Figure 5 shows the correlation distribution chart for the simulation and measurement values. For the suitability assessment in Table 13 , the coefficient for the flow was an average of 0.85, which was high. Plus, for the water quality section, the coefficients for the BOD, T-N, and T-P were 0.82, 0.85, and 0.79 respectively, also representing a high suitability. Furthermore, in Table 14 , the Nash-Sutcliffe coefficient for the flow was an average of 0.78, while the coefficients for the BOD, T-N, and T-P were 0.67, 0.81, and 0.71, respectively, which were comparably high. However, the BOD showed a low Table 14 . Nach-Sutcliffe coefficient
NPS delivery load assessment
When applying the basic unit for NPS using Level-2 land cover map applied NPS load and basin models, BASINS/HSPF, the computed NPS loads were compared and analyzed. The applicability of the NPS load computation using the basin model was analyzed based on comparison. Furthermore, the application of the land cover map subdivision method was assessed for the basin NPS load computation.
According to the delivery load in the Dongcheon basin shown in 
Conclusion
Instead of using the existing Level-1 land cover map, this study computed the basic unit for NPS when classifying the land coverage based on Level-2 land cover map field monitoring. The computed basic unit was applied to the Dongcheon basin to compute the basin NPS load. In addition, the basin models BASINS and HSPF were utilized to determine the NPS load for an identical basin, and the two results compared to assess the validity.
1) When using discharged water monitoring data, the basic unit for NPS using Level-2 land cover map 3) The delivery load in the Dongcheon basin was To suggest a future study direction for NPS monitoring, due to the unequal concentrations of certain Level-2 land cover map, the areal limitations need to be reduced through a cross investigation of organizations. Plus, the land coverage subdivisions in the Level-2 classification need to be expanded to establish diversity for the monitoring points. Instead of a short-term investigation, a long-term study will abate the current uncertainty and limitations of the basic unit. With prolonged investment and effort to establish basic data, a typical NPS basic unit can be computed for Korea, and such groundwork can lead to an appropriate basin management plan for NPS pollutants.
